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Glial cells play a critical role in morphine tolerance, resulting from repeated administration 
of morphine. Both the development and the expression of tolerance are suppressed by the 
analgesic lamotrigine. This study investigated the relationship between the ability of 
lamotrigine to maintain the antinociceptive effect of morphine during tolerance 
development and glial cell activation in the spinal cord. In a rat model, morphine (15 [ig) 
was intrathecally injected once daily for 7 days to induce morphine tolerance. Lamotrigine 
(200 |ig) was co-administered with morphine either for 7 days or the first or last 3 days of 
this 7 day period. Thermal nociception was measured. OX-42 and GFAP immunoreactivity, 
indicating spinal microglial and astrocytic activation were evaluated on day 8. Tolerance 
developed after 7 days of intrathecal morphine administration; however, this was 
completely blocked and reversed by co-administration of lamotrigine. When lamotrigine 
was coinjected with morphine on days 5-7, the morphine effect was partially restored. 
Glial cell activation increased with the development of morphine tolerance but was clearly 
inhibited in the presence of lamotrigine. These results suggest that, in association with the 
suppression of spinal glial cell activity, intrathecally coadministered lamotrigine attenuates 
antinociceptive tolerance to morphine. 
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INTRODUCTION 

Morphine is the most widely used narcotic analgesic for reliev- 
ing severe or chronic pain but its repeated administration leads 
to a characteristic tolerance (1). Although the clinical impor- 
tance of opioid tolerance is controversial (2), laboratory studies 
of this phenomenon have advanced our understanding of anal - 
gesic mechanisms in general. On a cellular level, chronic opioid 
administration was shown to cause spinal changes involving the 
translocation and activation of protein kinase C and the produc- 
tion of nitric oxide (NO) (3). Additional mechanisms underly- 
ing opioid tolerance include the modulation of the Af-methyl- 
d-aspartate (NMDA) (3) and 2-amino-3-hydroxy-5-methyl-4- 
isoxazole-proprionic acid (AMPA)/kainate receptors (4), and 
changes in the activities of dynorphin (5), calcitonin gene-relat- 
ed peptide (6), and cyclooxygenase (7). 

Glial cells were originally considered to play merely a sup- 
porting role in the central nerve system (CNS) but they were 
eventually recognized as being critical to the development of 
morphine tolerance (8). Chronic morphine treatment has been 
shown to increase not only the reactivity (9) but also the migra- 
tion (10) of spinal microglial cells, both of which are causally re- 



lated to pathologic pain states since pharmacologic inhibition 
of glial activation prevents the development of pain (11). Thus, 
targeting glial cell activity is a promising strategy for the treat- 
ment of morphine insensitivity, including neuropathic pain, 
and the prevention of tolerance development. 

Co-administration of a second drug with an opioid enhances 
the latter's antinociceptive effect and attenuates the develop- 
ment of tolerance (12). Lamotrigine was originally designed as 
an anticonvulsant but was subsequently shown to have analgesic 
activity as well, such that it is now used to treat different types of 
neuropathic pain. The precise mechanism of action of lamotrig- 
ine is unknown but in in vitro pharmacologic studies it was 
shown to inhibit voltage-sensitive sodium channels, leading to 
a stabilization of neuronal membranes and thereby modulating 
the presynaptic transmitter release of excitatory amino acids 
such as glutamate and aspartate (13). Intrathecal administra- 
tion of 100 |.ig of lamotrigine produced a dose-dependent anti- 
hyperalgesic effect in a neuropathic model (chronic constric- 
tion injury) of hyperalgesia (14). Suppressive effects of lamotrig- 
ine on the development and expression of tolerance to mor- 
phine-induced antinociception in mice has also been demon- 
strated (15). 
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Pre- and post-synaptic neuronal membranes as well as glial 
cells express several different classes of glutamate receptors (16). 
An effect of lamotrigine on glial cells is suggested by its ability 
to reduce the extent of inflammation, neuronal damage, and 
death following epilepsy and/or traumatic brain injury (16-19). 
However, whether inttathecal lamottigine is capable of altering 
glial cell activation in morphine-tolerant rats has not been ex- 
amined. 

In the present study, we asked whether intrathecally- adminis- 
tered lamotrigine maintains the antinociceptive effect of mor- 
phine during tolerance development by suppressing glial cell 
activation in the spinal cord and thus whether it could prevent 
the development and expression of chronic morphine tolerance. 

MATERIALS AND METHODS 
Study animals 

The experiments were conducted in male Sprague-Dawley rats 
(weight 200-250 g) in a study performed using a protocol ap- 
proved by the animal use and care committee. The animals were 
housed individually in a temperature-controlled vivarium and 
allowed to acclimate for 3 days in a 12/12 hr light/dark cycle. 

Intrathecal catheter implantation 

For intrathecal drug administration, the rats were chronically 
implanted with catheters as previously described (20). Briefly, 
imder sevoflurane anesthesia, the rats were placed in a stereo- 
taxic head holder and the occipital muscles were separated from 
their attachment points, retracting the muscles caudaUy to ex- 
pose the cisternal membrane at the base of the skuU. Intrathe- 
cal catheters (PE-10 polyethylene tubing, Becton Dickinson, 
Sparks, MD, USA) were passed caudaUy from the cisterna mag- 
na to the spinal cord level of lumbar enlargement and then ex- 
temaMzed through the skin. Proper intrathecal location was con- 
firmed by a temporary motor block of both hind-limbs after the 
injection of 2% Hdocaine 10 |jL, followed by saline. Only animals 
with no evidence of neurologic deficit after the operation were 
studied. At least a 5 day recovery period was allowed before the 
animals were used in experiments. 

Drug administration 

Morphine sulfate (molecular weight, 668.76), lamotrigine (mo- 
lecular weight, 256.09), and dimethyl sulfoxide (DMSO, mini- 
mum 99.5%) were purchased from Sigma, St. Louis, MO, USA. 
Lamotrigine was dissolved in DMSO, and morphine in 0.9% sa- 
line. The doses for intrathecal lamotrigine were selected accord- 
ing to a previous study (14, 21). AU drugs were administered in- 
trathecally with a microinjection syringe (Microliter™ #702, 
Hamilton Co., Reno, NV, USA) over a 60 sec interval in a volume 
of 10 |jL, followed by a 10 |xL saline flush. Investigators were blind 
to the administered drug. 



Behavioral assessment 

Thermal nociception was assessed by measuring the latency of 
paw withdrawal in response to a radiant heat source (22). Rats 
were housed individually in Plexiglas chambers on an elevated 
glass platform, under which a radiant heat source (Ugo BasUe, 
Milan, Italy) was applied to the plantar surface of the hind-paw 
through a glass plate maintained at 30°C. The heat source was 
turned off when the rat lifted its foot, and the time from the on- 
set of radiant heat application to hind-paw withdrawal, defined 
as paw withdrawal latency (PWL), was recorded. The heat was 
maintained at a constant intensity and resulted in a stable PWL 
of approximately 10-12 sec in normal rats. A 20 sec cut-off avoid- 
ed tissue damage. PWL was measured three times at 5 min in- 
tervals and the average values were calculated. The measured 
PWL was converted to a percentage of maximum possible effect 
(%MPE) according to the formula: %MPE = ([post-drug value- 
baseline value]/[cut-offvalue-baseline value]) X 100%. 

Study 1: Acute effects of lamotrigine on morphine 
antinociception 

Single intrathecal doses of 5 |xg of morphine, 200 |a,g of lamotrig- 
ine, and a combination of both drugs were studied (n = 6 per 
subgroup). Measurements were taken before and 15, 30, 45, 60, 
90, 120, and 180 min after an intrathecal dose of the drug(s). 

Study 2: Effects of lamotrigine on the development of 
morphine tolerance 

Rats in the morphine group (Ml-7 group, n = 6) received intra- 
thecal injections of 15 |xg of morphine once daily for 7 days. This 
dose was previously shown to produce tolerance over 7 days 
following initial maximal antinociception (23). To evaluate the 
effects of lamotrigine on the development of morphine toler- 
ance, a dose of 200 \ig was intrathecally co-injected with 15 |a,g 
of morphine once daily for 7 days (Ll-7 group, n = 6). The offset 
of lamotrigine effect on morphine tolerance was determined by 
co-injecting the two drugs on days 1-3 followed by the daily in- 
jection of morphine alone on days 4-7 (Ll-3 group, n = 6). Be- 
havioral testing was performed before and 30 min after the drug 
administration. 

Study 3: Effects of lamotrigine on established morphine 
tolerance 

Intrathecal morphine (15 |a,g) was given once daily for 4 days to 
induce tolerance. On the following 3 days, intrathecal lamotrig- 
ine (200 |.ig) was co-administered with the daily dose of mor- 
phine (L5-7 group, n = 6). 

Immunohistochemistry 

To evaluate microglial and asttocytic activation in the spinal cord 
after the development of morphine tolerance, the cells were 
stained with the microgUal marker OX-42 and glial fibrillary 
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acidic protein (GFAP), respectively. After the last behavioral as- 
sessment, the rats were deeply anesthetized with sevoflurane 
and perftised intracardiaUy with heparinized normal saline, fol- 
lowed by 4% paraformaldehyde in phosphate-buffered saline 
(PBS) on day 8. The spinal cord around lumbar vertebrae L5 
and L6 was removed and then post-fixed in the same fixative at 
room temperature for 4 hr All specimens were cryoprotected in 
30% (w/v) sucrose. The spinal cords were cut transversely using 
a cryostat into 20 |.im floating sections, washed first in PBS and 
then 2 X 10 min in PBS containing 0.3% Trfton X-100 (PBST), 
and finally treated with 0.3% hydrogen peroxide in PBST for at 
least 15 min to exhaust endogenous hydrogen peroxidase. Non- 
specific binding was blocked by incubating the sections in 3% 
normal goat serum plus 2% bovine serum albumin in PBST for 
1 hr. Next, the sections were incubated at room temperature over- 
night with primary mouse monoclonal antibody (anti-OX-42, 
1 |j,g/mL; Serotec, Oxford, UK) in PBST plus 3% normal goat se- 
rum. On the following day, they were washed 3x10 min with 
PBST and then incubated with goat anti-mouse biotinylated 
secondary antibody (1:1,000; Chemicon, Temecula, CA, USA) 
for 1 hr at room temperature. Following three washes with PBST, 
the floating sections were incubated for 1 hr with a 1:160 dilu- 
tion of an avidin-biotin horseradish peroxidase complex (ABC 
complex; Pierce, IL, USA) in PBST. Antigens were visualized by 
tteating the stained sections with a 1:1 solution of ammonium 
nickel sulfate (30 mg/mL in 0.1 M sodium acetate, pH 6.0) and 
diaminobenzidine (4 mg/mL in PBS) in the presence of 0.01% 
hydrogen peroxide. The sections were then spread flat on slides, 
air-dried, rinsed with distilled water for 1 min, and dehydrated 
first through an ethanol gradient (70% once, 95% twice, and 
100% twice, 1.5 min each) and then in xylene (2x3 min). The 
processed sections were cover slipped with Permount mount- 
ing medium (Merck, Darmstadt, Germany). Images were ac- 
quired with a DXM1200 digital camera connected to an Eclipse 
E800 light microscope (Nikon, Melville, NY, USA). 

Glial activation responses for microglia and astrocyte 

Glial responses were assessed in three randomly chosen sec- 
tions prepared from the L5 spinal cord segments. The number 
of immunoreactive cells in the medial superficial dorsal horn 
(laminae I-III), where most of the positive cells were found after 
the tteatments, were counted. The same microscopic field was 
photographed at a magnification of 100 x using a digital cam- 
era. The data were expressed as the number of positive cells/ 
area/spinal section. 

Statistical analysis 

The behavioral data were expressed as the mean ± SEM. Statis- 
tical analyses were carried out using the one-way analysis of 
variance (ANOVA), comparing the treatment groups to the con- 
trol group at the same time point, followed by a Tukey's test for 



multiple comparisons. The significance of the differences in the 
responses of the treatment groups compared to the respective 
preoperative baseline values was determined using one-way 
repeated-measures ANOVA followed by a Tukey's test for mul- 
tiple comparisons. Statistical evaluation was performed with 
SigmaPlot® software version 11 (Systat Software, Inc., San Jose, 
CA, USA). P < 0.05 was considered statistically significant. 

RESULTS 

All the rats remained healthy and continued to gain weight 
throughout the experimental period. No motor dysftmction was 
observed in the rats that received morphine alone or in combi- 
nation with lamotrigine. 

Number of rats used in the experiments 

In this study design, 54 rats were used in total (Table 1). In the 
study 1, acute effects of lamotrigine on morphine antinocicep- 
tion were investigated in 24 rats (sbc rats per group x four groups) . 
In the study 2, effects of lamotrigine on the development of mor- 
phine tolerance were analyzed in 24 rats (six rats per group x 
four groups). In the study 3, effects of lamottigine on established 
morphine tolerance was analyzed in 6 rats (six rats per group x 
one group). 

Study 1: Acute effects of lamotrigine on morphine action 

Submaximal doses of intrathecal morphine (5 |a,g) produced 
peak antinociceptve effect against thermal stimulation (55.4 ± 
5.2 %MPE) 30 min after inttathecal administration of morphine 
(Fig. 1). A 200 |xg intrathecal dose of lamotrigine alone likewise 
produced peak antinociceptive effect against thermal stimula- 
tion (32.0 ± 5.7 %MPE) 30 min after administi-ation (Fig. 1). When 
the two drugs were injected together at these doses, an increase 
in antinociception (98.9 ±1.3 %MPE) peaking 30 min later was 
recorded. The combination of morphine and lamotrigine re- 
Table 1. Number of rats used in the experiments 

Study 1 : Acute effects of lamotrigine on morphine antinociception (Fig. 1) 
4 groups (Control, Morphine, Lamotrigine, Morphine + Lamotrigine) 
X 6 rats/group = 24 rats 
Study 2: Effects of iamotrigine on the development of morphine toierance (Fig. 2) 
4 groups (Control, Ml -7, LI -7, and LI -3) x 6 rats/group = 24 rats for 
OX-42 and GFAP staining (Figs. 3, 4) 
Study 3: Effects of iamotrigine on estabiished morphine tolerance (Fig. 2) 

1 group (L5-7) x 6 rats/group = 6 rats for OX-42 and GFAP staining 
(Figs. 3, 4) 
54 rats were used in total 

Control: intrathecai injection of saiine (1 0 pL) once daiiy for 7 days. Ml -7: intrathecal 
injection of morphine (15 pg) once daiiy for 7 days. LI -7: intrathecai coinjection of 
morphine (1 5 pg) and iamotrigine (200 pg) once daily for 7 days. L5-7: intrathecai 
injection of morphine (1 5 pg) once daiiy for 4 days, foliowed by intrathecai coinjection 
of morphine (1 5 pg) and iamotrigine (200 pg) on days 5-7. LI -3: intrathecai coinjec- 
tion of morphine (1 5 pg) and lamotrigine (200 pg) once daiiy for 3 days, foiiowed by 
daiiy morphine alone on days 4-7. 
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Fig. 1. The acute responses of thermal nociception (mean + SEIVI) to intrathecal sa- 
line, morphine, lamotrigine, and morphine plus lamotrigine. All closes of morphine and 
lamotrigine are 5 pg and 200 pg, respectively. *P< 0.05 vs control group; ^P< 0.05 
vs morphine group; *P< 0.05 vs lamotrigine group. MPE, maximum possible effect. 

suited in significantly larger antinociceptive responses than 
morphine alone {P < 0.001) (Fig. 1). AU responses returned to 
baseline by 180 min after drug injection. Visual inspection of 
the treated animals revealed no signs of motor impairment. In- 
trathecally administered vehicle (10% DMSO) had no effect 
(data not shown). 

Study 2: Effects of lamotrigine on ttie development of 
morphine tolerance 

In the Ml-7 group, the administration of intrathecal morphine 
(15 |a.g) produced maximal antinociception against thermal 
stimulation on day 1 (99.7 ± 4.2 %MPE), with the effect decreas- 
ing to baseline levels by day 7 (18.6 ± 4.8 %MPE). In the Ll-7 
group, the co-administration of intrathecal morphine (15 |a.g) 
and intrathecal lamotrigine (200 |.ig) completely blocked the 
decrease in morphine's effect throughout the entire 7 day peri- 
od (90.1 ± 3.6 %MPE on day 7, Fig. 2). In a subsequent experi- 
ment (Ll-3 group), in which lamotrigine was co-administered 
with morphine only on days 1-3, maximal antinociception with 
morphine was still present on day 4 (92.1 ± 3.2 %MPE) but the 
effect decreased over days 5-7 (55.6 ± 3.7 %MPE on day 7, Fig. 2). 

Study 3: Effects of lamotrigine on established morphine 
tolerance 

In the L5-7 group, the chronic administration of morphine alone 
on days 1-4 resulted in a decrease in antinociception against 
thermal stimulation (54.7 ± 4.5 %MPE on day 4, Fig. 2). Howev- 
er, the addition of lamotrigine on days 5-7 partially restored 
morphine's effect (68.7 ±5.1 %MPE on day 5, P = 0.026 vs Ml-7 
group) such that antinociception on days 5-7 was significantiy 
greater than obtained with morphine alone [P = 0.042 on day 6, 
P= 0.003 on day 7) (Fig. 2). 
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Fig. 2. The chronic responses of thermal nociception (mean + SEM) to Intrathecal 
saline, morphine, lamotrigine, and morphine plus lamotrigine (lamotrigine given on 
days 1 -7, days 5-7, or days 1 -3). All doses of morphine and lamotrigine are 1 5 pg 
and 200 pg, respectively. *P< 0.05 vs control group; tp< 0.05 vs Ml-7 group. Con- 
trol; Intrathecal Injection of saline (10 pL) once daily for 7 days. Ml-7; Intrathecal In- 
jection of morphine (1 5 pg) once dally for 7 days. LI -7; Intrathecal colnjectlon of mor- 
phine (1 5 pg) and lamotrigine (200 pg) once dally for 7 days. L5-7; intrathecal injec- 
tion of morphine (1 5 pg) once daily for 4 days, followed by Intrathecal colnjectlon of 
morphine (1 5 pg) and lamotrigine (200 pg) on days 5-7. LI -3; Intrathecal colnjectlon 
of morphine (1 5 pg) and lamotrigine (200 pg) once dally for 3 days, followed by dally 
morphine alone on days 4-7. 

Lamotrigine suppression of microglial and astrocytic 
activation induced by morphine tolerance 

The immunoreactivity (IR) of OX-42 in the L5 spinal cord is de- 
scribed in the Fig. 3. In the control group, there were 31.5 ± 2.3 
OX-42 -positive cells (under 200 x magnification), whereas with 
once-daily intrathecal injections of 15 |xg of morphine, OX-42 
IR significantly increased to 257.7 ± 13.3 cells (P < 0.001 vs con- 
trol group) after 7 days (Ml-7 group). These findings implicate 
microglial activation in the effects of morphine. Following the 
co-administration of 200 |xg of lamotrigine for 7 days (Ll-7 
group), there were significantly fewer stained cells(194.2 ± 11.2, 
P = 0.013 vs Ml-7 group). When 200 |xg of lamotrigine was coin- 
jected with morphine on days 1-3 followed by daily morphine 
alone on days 4-7 (Ll-3 group), there were 208.5 ± 13.9 OX-42- 
positive cells. Conversely, the coadministration of 200 |a,g of la- 
motrigine and 15 |j.g of morphine on days 5-7 (L5-7 group) re- 
sulted in 168.3 ± 10.4 OX-42-positive cells. In these three groups 
(Ll-7, Ll-3, and L5-7), although the numbers of OX-42-positive 
cells were significantly lower than those of the Ml-7 group (P = 
0.013, P = 0.045, P < 0.001), they were significantly higher (P < 
0.001) than those of the control group. 

The IR of GFAP in the L5 spinal cord is explained in the Fig. 4. 
In the control group, there were 39.3 ± 3.3 GFAP-positive cells 
(under 200 x magnification). However, with intrathecal injec- 
tions of 15 |ig of morphine once daily for 7 days (Ml-7 group), 
GFAP IR significantly increased to 152.8 ± 12.7 (P < 0.001). These 
findings implicate astrocytic activation in the response to mor- 



http;//dx.dol.org/1 0.3346/jkms.201 3.28.2.300 



http://jknns.org 303 



JKMS 



Jun l-G, et al. • Intrathecal Lamotrigine Attenuates Morphine Tolerance and Suppresses Glial Activation 



Control 



Ml -7 



LI -7 



Control 



Ml -7 



LI -7 














' - ■ * 



LI -3 



L5-7 



LI -3 



L5-7 



n 250 



^ 150 




B 100 - 



Control Ml -7 LI -7 LI -3 L5-7 

Fig. 3. Spinal immunoreactivity to OX-42 under 200 x magnification after a 7 day 
treatment with intrathecal saline, morphine, and lamotrigine, and the combinations 
thereof. The number of OX-42-positive cells increased with the development of mor- 
phine tolerance but was clearly inhibited by the co-administration of 200 pg of la- 
motrigine. There were significantly fewer OX-42-positive cells in rats co-administered 
with 200 pg of lamotrigine during the first or last 3 days than in the morphine alone 
group. *P< 0.05 vs control group; tp< 0.05 vs Ml -7 group. Control: intrathecal in- 
jection of saline (10 pL) once daily for 7 days. Ml -7: intrathecal injection of morphine 
(15 pg) once daily for 7 days. LI -7: intrathecal coinjection of morphine (15 pg) and 
lamotrigine (200 pg) once daily for 7 days. LI -3: intrathecal coinjection of morphine 
(1 5 pg) and lamotrigine (200 pg) once daily for 3 days, followed by daily morphine 
alone on days 4-7. L5-7: intrathecal injection of morphine (15 pg) once daily for 
4 days, followed by intrathecal coinjection of morphine (15 pg) and lamotrigine (200 pg) 
on days 5-7. 



Control Ml -7 LI -7 LI -3 L5-7 

Fig. 4. Spinal immunoreactivity to glial fibrillary acidic protein (GFAP), as observed 
under 200 x magnification, after a 7 day treatment with intrathecal saline, morphine, 
and lamotrigine, and combinations thereof. The development of morphine tolerance 
was accompanied by an increase in the number of GFAP-positive cells, which was 
clearly inhibited by the coadministration of 200 pg of lamotrigine. There were signifi- 
cantly fewer GFAP-positive cells in the groups of rats co-administered 200 pg of la- 
motrigine during the first or last 3 days than in the morphine alone group. *P< 0.05 
vs control group; ^P< 0.05 vs Ml -7 group. Control: intrathecal injection of saline (10 
pL) once daily for 7 days. Ml -7; intrathecal injection of morphine (15 pg) once daily 
for 7 days. LI -7: intrathecal coinjection of morphine (1 5 pg) and lamotrigine (200 pg) 
once daily for 7 days. LI -3; intrathecal coinjection of morphine (1 5 pg) and lamotrigine 
(200 pg) once daily for 3 days, followed by daily morphine alone on days 4-7. L5-7: 
intrathecal injection of morphine (1 5 pg) once daily for 4 days, followed by intrathecal 
coinjection of morphine (15 pg) and lamotrigine (200 pg) on days 5-7. 



phine. By contrast, following the co-administration of 200 |xg of 
lamotrigine for 7 days (Ll-7 group), the number of GFAP-posi- 
tive cells significantly decreased to 110.3 ± 8.7 (P = 0.015 vsMl-7 
group), respectively. When 200 |j,g of lamotrigine was coinjected 
with morphine for days 1-3 followed by daily morphine alone 
on days 4-7 (Ll-3 group), the number of GFAP-positive cells 
was 94.5 ± 7.4. In the group co-administered with 200 |a,g of la- 
motrigine with morphine on days 5-7 (L5-7 group), the corre- 
sponding cell number was 115.3 ± 8.3. In these three groups 
(Ll-7, Ll-3, and L5-7), the numbers of GFAP-positive cells were 
significantly lower (P = 0.015, P < 0.001, P = 0.044) dian those 
of the Ml-7 group, however, they were significantiy higher {P < 
0.001) than the mmibers of GFAP-positive cells of the control 
group. 



DISCUSSION 

This study shows that lamotrigine inhibits the development of 
antinociceptive tolerance to morphine (Ll-7 group); however, 
morphine tolerance becomes apparent within 48 hr of lamotrig- 
ine discontinuation (Ll-3 group), indicating the need for the 
continued presence of the analgesic to maintain opioid poten- 
cy. Lamotrigine was shown to partially restore the potency of 
morphine in tolerant rats (L5-7 group). In parallel, OX-42 and 
GFAP IR increased with the development of morphine toler- 
ance but was clearly inhibited in rats co-administered with la- 
motrigine. For the 2 antigens, significantly fewer positively 
stained cells were counted in rats receiving lamotrigine during 
the first 3 (Ll-3 group) or last 3 days (L5-7 group) than in those 
given morphine alone (Ml-7 group). These findings are consis- 
tent with the ability of lamotrigine to block as well as reverse the 
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development and expression of morphine tolerance, as evi- 
denced by the suppression of spinal glial cell activation. 

Our observations correspond well with those of previous 
studies reporting the attenuation by anticonvulsant drugs of 
opioid tolerance (12). To the best of our knowledge, this study 
is the first to examine the relationship between intrathecal la- 
motrigine and glial cell activation in morphine-tolerant rats. 

Morphine tolerance is mediated by glutamate action at spi- 
nal NMDA (3) and AMPA/kainite (4) receptors. Interactions 
between NMDA and opioid receptors could occur in both di- 
rections (24). Glutamate is the major excitatory neurotransmit- 
ter in the neuronal circuit and it plays a major role in pain mod- 
ulation as well as opioid tolerance, dependence, and withdraw- 
al (25). Down-regulation of glutamate transporter protein ex- 
pression has been suggested to contribute to the development 
of morphine tolerance (26). Therefore, any condition that leads 
to NMDA receptor activation within the CNS could also modu- 
late opioid receptors, thereby reducing the efficacy of opioid 
analgesia. In addition, repeated treatment with opioids could 
produce a condition imitating continuous nociceptive input 
through interactions between opioid and NMDA receptors (24, 
27). The activation of AMPA receptors during chronic morphine 
treatment may contribute to analgesic tolerance. Since NMDA 
receptor antagonists are also effective in attenuating the devel- 
opment of morphine tolerance (28), the activation of more than 
one excitatory amino acid receptor system might mediate the 
development of morphine tolerance (5). It may also be the case 
that AMPA and NMDA receptors make similar but not identical 
contributions to tolerance development (5). 

The addition of a second drug to morphine infusion is an ef- 
fective sttategy for attenuating morphine tolerance and main- 
taining antinociceptive efficacy, as demonstrated in chronic 
morphine-infused rats (29). Specifically, the inttathecal co-ad- 
ministration of amitriptyline (25), MK-801 (30), or ultra-low 
dose naloxone (8) with morphine effectively preserved the an- 
tiwnociceptive effect of the opioid. All these co-administered 
drugs have a modulating effect on spinal glutamatergic trans- 
mission, inhibiting both the increase in morphine -evoked ex- 
citatory amino acid responses and the up-regulation of gluta- 
mate transporter protein expression in different rat models. 
Consequentiy, they have been added to morphine infusions in 
order to preserve the antinociceptive effect, at least in part, by 
modulating spinal glutamatergic ttansmission. 

Chronic morphine administtation causes glial cell activation 
and produces pro-inflammatory cytokine expression in rat spi- 
nal cords (9, 31). In response to diverse noxious stimuli, activat- 
ed astrocytes and microglia in the spinal cord release pro-in- 
flammatory cytokines, including TNFa, IL-lp, and IL-6, which 
promote the release of other pain-related ttansmitters or sub- 
stances (e.g., nitiic oxide, prostaglandins, and excitatory amino 
acids) from primary afferent nerve terminals (32). Glial meta- 



bolic inhibitors, cytokine antagonists, the anti-inflammatory 
cytokine IL-10, and the IL-1 receptor antagonist IL-lra have all 
been shown to attenuate the development of morphine toler- 
ance and to prevent hyperalgesia and allodynia (9, 33). Spinal 
glial cell activation may be ttiggered through AMPA/kainate re- 
ceptors (34) and substance P (35). Some pain-related ttansmit- 
ters or substances (e.g., nitric oxide, prostaglandins, ATP, neu- 
ropeptides and excitatory amino acids) may precipitate spinal 
glial cell activations (36-39). 

Lamotrigine likely exerts its actions by blocking voltage-de- 
pendent sodium channels, thus stabilizing the presynaptic neu- 
ronal membrane and preventing the release of excitatory neu- 
rottansmitters, predominantiy glutamate (40). By this mecha- 
nism, inttathecaUy administered lamottigine could prevent the 
activation of the glutamate receptors involved in pain ttans- 
mission and centtal sensitization, such as AMPA, NMDA, and 
metabottopic receptors (14). Thus, taken together, lamottigine 
may suppress the spinal glial cell activation through inhibition 
of AMPA/kainate receptors, and pain-related transmitters or 
substances. It is also reported that lamotrigine induced func- 
tional modifications and affected some biochemical events in 
glial cells in vitro study (19). Therefore, it could be suggested 
that lamottigine may produce some inhibitory effect to the glial 
cells by itself. 

In conclusion, the results of this study suggest that inttathe- 
caUy administered lamottigine attenuates antinociceptive mor- 
phine tolerance through a mechanism that is, at least in part, 
associated with the suppression of spinal glial cell activation. 
Inttathecal lamottigine or other inhibitors of glial cell activation 
could therefore be used to prevent the development or persis- 
tence of morphine tolerance. The combined administtation of 
the two drugs could effectively alleviate morphine tolerance 
without severe side effects. Further studies are needed to iden- 
tify the sites and mechanisms of lamottigine actions. Also, Clin- 
ical investigations are needed to identify specific settings and 
patient populations in which the morphine tolerance could be 
developed or morphine tolerance is already appeared (for ex- 
ample, chronic cancer pain patients with metastases). 
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